Second harmonic generation is shown to be sensitive enough to deteet molecular monolayers adsorbed on a silver surface. Adsorption of AgCt and pyridine on silver during and after an electrolytic cycle can be easily observed,
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Detection of molecular monolayers at an interface is a subject of 1 great importance in surface science.
Various techniques have been invented for this purpose. Recently, we have been interested in develop-2 ing nonlinear optical techniques for detecting adsorbed molecules.
The second-order nonlinear optical effects are particularly interesting.
In a medium with inversion symmetry, the second-order nonlinear susceptibility vanishes in the bulk in the electric-dipole approximation.
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The surface layers of atoms or molecules, however, do not possess inversion symmetry. In addition, the molecules may be aligned, or they may interact with the neighboring medium, or both. Then, the electric-dipole contribution of a surface molecular layer may contribute as much to the second harmonic generation (SHG), for example, as the electric-quadrupole and magnetic-dipole contribution of several hundred molecular layers in the bulk. In this respect, a monolayer of adsorbed molecules on a surface could generate as much second harmonic (SH) as a molecular film of several hundred A thick. It was often believed that SHG from monolayers of adsorbed molecules would be difficult to detect.
In this letter, we show that this is a wrong conception; SHG by adsorbed. molecular monolayers on a metal surface is in fact easily observable. This is particularly true in the presence of a surface enhancement due 4 5 to the local field correction resulting from surface roughness. '
The theory of SHG from a thin slab of nonlinear material has been 6 worked out by Bloembergen and Pershan.
Applying their result to a uniform monolayer of adsorbed molecules at a metal-dielectric interface, we find that the generated SH signal is given by 3 LBL-12003
"" photons/pulse hc3 a 1 (1) where N is the number of molecules per unit area, a ( 2 ) is the seconda order nonlinear polarizability, r 1 is the intensity of the fundamental We study here SHG by adsorbed molecules on silver in an electrolytic process. The experiment was carried out using a Q-switched Nd:YAG laser operating at 1.06 ~m, 10 pulses/sec, and a 10 nsec pulsewidth.
The laser beam was incident at 45° on a bulk silver sample with TM po- Because of the rough silver surface, the observed SHG from the surface was angularly diffuse and unpolarized, with or without adsorbed molecules. That the signal was indeed SHG was verified by its quasimonochromatic character at 0.53 ~m. It also had a pulse shape closely resembling that of the pump pulse. With the electrolytic cycle interrupted to prevent further formation or reduction of AgCt, the SH signal showed a quadratic dependence on the incident laser power. The magni- 
tude of the increase in the second harmonic signal resulting from AgCi was somewhat sensitive to the initial sample preparation and the inci-2 dent laser fluence. At higher laser fluences, e.g. 30 mJ/cm , the SH signal versus time during the electrolytic cycle was also qualitatively different, even though the characteristic sharp rise and fall at the beginning and end of the_cycle remained the same. This is presumably due to laser heating, and desorption and readsorption of molecules on silver. With identical conditions, however, the SH signal versus time was reproducible. Depending on the exact experimental parameters, the maximum SH signal during a cycle was found to be 5 -25 times larger than the signal before and after the cycle.
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In surface enhanced Raman scattering, ' it has been established that approximately a monolayer of pyridine molecules can be adsorbed on silver by a negative bias in an electrolytic solution following an electrolytic cycling. The maximum Raman signal of pyridine appeared in the range -0.6 V > VAg-SCE >-0.9 V, where VAg-SCE is the voltage between the silver and the reference SCE. 8 From our result on SHG from adsorbed AgCi, we anticipated that a monolayer of adsorbed pyridine molecules on silver could also yield a detectable SH signal. Indeed, with pyridine (.05 M) added in the previous electrolytic solution, the SH signal rose rapidly immediately following the electrolytic cycle when VAg-SCE < -0.6 v. This is shown explicitly in Fig. 1 . The maximum increase of -50 times in the SH signal was obtained with VAg-SCE--1.0 V. Figure   2 shows the SH signal versus VAg-SCE immediately after the electrolytic cycle with and without 0.05 M pyridine in the electrolytic solution.
The results indicate clearly that SHG from a monolayer of pyridine is easily observable. We also observed SHG associated with a monolayer of Adsorption of pyridine molecules to the Ag surface appears necessary for the strong SH signal from pyridine, and electrolytic cycling is necessary for cleaning the surface in order for pyridine to be adsorbed. Through the local field effect, the diffuse SH signal could be strongly enhanced. This was confirmed by scanning electron micrographs which showed a very non-uniform coverage of AgC~ on the silver film.
In conclusion, we have demonstrated that a single monolayer of ad- VAg_ SCE (volts)
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